it causes trees to decline in productivity, causes misshapen sour-tasting fruit, and kills a tree within months to several years (McClean and Schwartz, 1970; Halbert and Manjunath, 2004; Bové, 2006) . Current management of ACP and citrus greening disease in the United States is largely by costly measures, such as intensive chemical control, removal of trees symptomatic for the disease, and planting disease-free nursery stock. Little is known about the extent to which classical biological control agents reduce populations of ACP. However, parasitoids have largely failed to establish or control ACP in the United States (Michaud, 2002 (Michaud, , 2004 Hall et al., 2008) and control of ACP by parasitoids and predators may be incompatible with chemical control because natural enemies are often killed by chemicals (Smith and Peña, 2002; Hall and Nguyen, 2010; Hall and Richardson, 2012) . Development of effective alternatives to insecticides and classical biological control for management of ACP is of critical importance. Host plant resistance, prevention of colonization or multiplication of ACP on a plant, ultimately may provide the most effective, economical, environmentally safe, and sustainable method of controlling ACP, especially if the plant also is resistant to other important pests of citrus. Traits that confer resistance to other species of insects have been documented among members of the orange subfamily Aurantioideae (Bowman et al., 2001; Luthria et al., 1989; Yang and Tang, 1988) . Some Citrus spp. and relatives are apparently nonhosts or less preferred hosts to ACP (Halbert and Manjunath, 2004; Tsagkarakis and Rogers, 2010; Westbrook et al., 2011) and may influence the development, longevity, and reproduction of ACP (Tsai and Liu, 2000; Fung and Chen, 2006; Nava et al., 2007; Tsagkarakis and Rogers, 2010) . For example, ACP laid fewer eggs, had lower survival, and developed slower on Citrus reshni hort. ex Tanaka (Cleopatra mandarin) (Tsagkarakis and Rogers, 2010) . However, we found C. reshni to be a suitable host for oviposition (unpublished data, 2012) , ACP is known to have a broad host range (Halbert and Manjunath, 2004; Westbrook et al., 2011) , and resistance in Citrus spp. and related plant species to ACP has not been widely documented to date.
Eighty-seven accessions primarily in the Rutaceae, orange subfamily Aurantioideae, were surveyed in the field in Florida for abundance of ACP eggs, nymphs, and adults and very low abundances of all life stages of ACP were found on two accessions of Poncirus trifoliata, 'Simmon's trifoliate' and 'Little-leaf ' . Poncirus trifoliata is a trifoliate species that is graft compatible with Citrus spp., is used as rootstock in many citrus-growing regions (Krueger and Navarro, 2007; Ziegler and Wolfe, 1981) , is an important parent in intergeneric hybrids with Citrus spp. (Krueger and Navarro, 2007) , and may be resistant to another important pest of citrus, the citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) (Richardson et al., 2011) . Therefore, P. trifoliata may be useful in breeding programs as a potential source of genes that confer resistance to multiple species of insects. In this study, we test whether accessions of P. trifoliata (hereafter "trifoliates") and ´Citroncirus (hereafter "trifoliate hybrids"), which are hybrids of P. Frost and Soost, 1968) ; therefore, some of the plants we tested were genetically identical to the female parent whereas others were sexual hybrids. We tried to select plants that were phenotypically uniform to increase the likelihood that they were genetically identical to the female parent, but we cannot rule out the possibility that sexually derived seedlings were included, which may differ in their susceptibility to ACP and increase variance in our results. We planted 25 seeds of each seed parent accession (hereafter "accession") in individual plastic cells (3.8 by 21 cm) (SC-10 super cell Cone-tainers, Stuewe and Sons) containing sterile potting mix. Seedlings of 81 accessions (47 trifoliates and 34 trifoliate hybrids) were successfully propagated in a greenhouse.
Experiment 1: Oviposition
After growing plants for 4 to 5 mo in a greenhouse, the 81 accessions were separated into smaller groups of 3 to 11 and screened for resistance to oviposition over time (4 May to 24 June 2011) due to logistical necessity. We clipped approximately 2.5 cm of the central stems of the plants within a group 1 wk before each test date to induce flush. On each test date we chose 10 plants of each accession that had young, unexpanded flush and placed onto each plant two females and one male ACP from a laboratory colony at the United States Horticultural Laboratory in Fort Pierce, FL (described by Hall et al., 2007) . On each test date we also put ACP on 10 plants of Citrus macrophylla, which is highly susceptible to colonization by ACP and served as the control. The control plants were roughly the same age as the test plants and also were clipped to induce flush. We chose ACP that had been adults for approximately 6 d to ensure they were reproductive . We enclosed plants with plastic cylinders (37 by 255 mm) that had four circular side windows (25 mm) and a top window covered with white silk fabric. The open bottom of each cylinder was pressed into the Cone-tainers to prevent ACP from escaping. The plants Institute, 2002; Sokal and Rohlf, 1995) . We also used negative binomial models to test for differences in the lifespan of adult ACP among the 18 accessions in Exp. 2 and to test whether adult lifespan was correlated with the relative susceptibility of accessions to oviposition. Sample size was reduced for some accessions in both experiments because of insufficient numbers of plants that germinated or produced flush.
RESULTS AND DISCUSSION
The abundance of eggs differed among progeny of the 81 accessions (Table 1 ). There was a higher abundance of eggs on the control (C. macrophylla) than on 42 of the 46 accessions of trifoliates, and 36% of the accessions averaged zero eggs. The only accessions that did not have fewer eggs than the control were 'Towne 'F", 'Rich 7-5', 'Rich 22-2', and 'Little-leaf '. Each of these accessions averaged fewer than 26 eggs compared to over 100 on the control, but high variance of eggs laid on the control on the two dates these accessions were sampled prevented statistically significant results. Given the low number of eggs laid on these accessions and the apparent resistance of the other 42 accessions of trifoliate, we consider it unlikely that these four accessions are highly susceptible. More eggs also were laid on the control than 10 of 34 accessions of trifoliate hybrids (Tables 1 and 2 ). Four accessions each of trifoliates and trifoliate hybrids that we present in this paper also were also tested in China for susceptibility to oviposition and yielded similar results: trifoliates were resistant to oviposition and trifoliate hybrids varied in their susceptibility (D.G. Hall and R. Chuanqing, personal communication, 2012) .
were arranged in a random complete block design in a tray and placed in a growth chamber set at 27°C, 48% relative humidity, and 14 h daily illumination. The number of eggs on each plant was counted 6 d after inoculation under a dissection microscope.
Experiment 2: Adult Lifespan
We placed one adult female ACP each on eight seedlings of each trifoliate hybrid (n = 10) that was resistant to oviposition, five accessions of trifoliate hybrids that were susceptible to oviposition ('Rangpur × Troyer', 'Sanford', 'African shaddock × Rubidoux', 'Citrangor', and 'C-190'), two accessions of P. trifoliata that were resistant to oviposition ('Towne 'G'' and 'Flying Dragon B'), and the susceptible control (C. macrophylla) (see Results). Using accessions that varied in susceptibility to oviposition allowed us to test whether there was a correlation between this trait and adult lifespan. Asian citrus psyllids were chosen that had been adults for less than 24 h to standardize their age and ensure that they had not mated . We enclosed plants with plastic cylinders and placed them in a random complete block design in trays in a growth chamber at the settings previously described. Each adult ACP was checked daily until their death to determine whether lifespan differed on seedlings of these parent accessions.
Statistical Analyses
Differences among seedlings of the 81 accessions and the control in abundance of eggs were tested by negative binomial models (PROC GENMOD [SAS Institute, 2002] ). Abundance of eggs on seedlings of accessions was compared to the control within a date but not across dates because oviposition by ACP on the control accession varied over time. The LSMEANS statement was then used to estimate separation between pairs of means (SAS (2618) Hybrid 10 Lifespan of adults was approximately 2 to 5 times longer on C. macrophylla than on one of the two trifoliates ('Flying Dragon B') and 11 of the 15 trifoliate hybrids (c 2 = 40.3, df = 17,125, P = 0.001; Table 2 ). Three accessions we tested for adult lifespan were tested in China ('Flying Dragon', unnamed CRC 3881, and 'Troyer'), and lifespan was reduced on all three in China (D.G. Hall and R. Chuanqing, personal communication, 2012) , whereas 'Troyer' seemed to be relatively suitable for adults in the United States. Although some accessions that were resistant or susceptible to oviposition retained the same relative susceptibility to adult ACP, lifespan of adults on average was not different between accessions that were susceptible (mean ± SEM = 40.7 ± 5.4 d) or resistant (35.6 ± 3.4 d) to oviposition (c 2 = 0.67, df = 1, 141, P = 0.41), indicating that accessions that are resistant to one life stage may not be resistant to other life stages. Citrus greening disease is transmitted by nymphs and adults of ACP, and adults may survive long enough to transmit the disease even on the accessions that are most resistant to adult ACP. Therefore, it is necessary to test whether ACP survive long enough on these accessions to transmit the disease and whether these accessions are resistant to the disease, which appears to be the case with at least one plant species related to citrus, Murraya paniculata (L.) Jack (orange jasmine) (Walter et al., 2012) .
We must identify genotypic and phenotypic plant traits that confer resistance to ACP. Resistance to ACP is likely conferred by chemical mechanisms and not structural characteristics of the plant, because ACP will settle to feed on trifoliates in no-choice tests and their stylets insert into phloem cells as they do in susceptible plants (unpublished data, 2012 resistance because ACP do not heavily colonize this species in field surveys or lay eggs on it, so perhaps a plant volatile repels ACP or a plant volatile necessary for attraction is lacking. Poncirus trifoliata also may have antibiosis-type resistance as indicated by reduced lifespan of adults on some trifoliates and trifoliate hybrids. Resistance of trifoliate hybrids to ACP is likely inherited from P. trifoliata and not the Citrus sp. with which it is crossed because Citrus spp. are usually highly susceptible to ACP (Halbert and Manjunath, 2004; Westbrook et al., 2011) . A number of advanced selections of citrus with P. trifoliata in their pedigree are available in citrus breeding programs, so we are screening these selections for resistance to ACP in the field and greenhouse because some of them are close to commercial quality. Another approach to produce commercial varieties of citrus that are resistant to ACP is to identify genes that confer resistance and transfer them to commercial varieties via transgenic or intragenic methods (Rommens et al., 2007) . Ultimately, our results demonstrate that resistance of citrus to ACP could play an important role in the management of citrus greening disease.
